Entrance Scholarship of £80 for mathematics at Pembroke College, Cam bridge, where he matriculated in 1900. In 1901 and again in 1902 he was in the first class in the College mathematics examinations, and was awarded the Beatson Scholarship of £80 in 1901. In 1903 he was a 12th Wrangler in the Mathematics Tripos, and in 1904 he got another first class, in the Mechanical Sciences Tripos. Later, he obtained the degree of Sc.D. in 1920. While at Cambridge he rowed in the Pembroke College first boat, and at one time coached the Queens' College boat.
On leaving Cambridge in 1904, he was temporarily a mathematics master at Harrow for two months, and then for a year he was private secretary and scientific assistant to Lord Kelvin, working on drawings and calculations for papers on waves, and helping with the design of Lord Kelvin's compass and sounding machine. In December 1905 he joined the Optical and Tidal Department at the National Physical Laboratory at Teddington, where he worked until April 1907, when he was appointed to the Survey of India.
In 1907 the Survey of India was a well-established organization. It is celebrating its 200th anniversary in 1967. The part of its organization concerned with the main triangulation framework and scientific surveys was known as the Great Trigonometrical Survey and was located at Dehra Dun, where Everest's arc of meridian terminates in the Himalayan foot hills. The Superintendent of the G.T. Survey and his principal assistants were officers of the British or Indian armies, but for long they had had a civilian 'Mathematical Expert' in charge of the Computing Office. In 1907 this post was held by John Eccles, whose time of retirement was approaching.
The year 1907 was a good time at which to join the Survey of India. As the result of a Committee which had reported in 1905, the Department had been enlarged and invigorated. Colonel S. G. Burrard was the Superinten dent of the Great Trigonometrical Survey, and Colonel G. P. LenoxConyngham was one of his assistants. For some years Colonel Burrard had been studying the peculiarities in the direction of the plumb-line between Central India and the Himalaya, and Lenox-Conyngham had been making pendulum observations for the intensity of gravity, to throw light on the problems revealed by the plumb-line. The Department was ready to employ a mathematician who would do more than take charge of the Computing Office.
From January to April 1908 de Graaff-Hunter accompanied LenoxConyngham on a pendulum-swinging tour in South India, where they observed the intensity of gravity at eight stations, including a pair at the top and bottom of the 2700-ft Edgar Shaft in the Kolar gold-fields. In 1909, taking the field again, he reconnoitred and observed part of the Gilgit triangulation series in the extreme north of India, which was the beginning of the connexion with Russia which was completed by Kenneth Mason in 1912-1913. In 1910 Eccles vacated his post, and de Graaff-Hunter became Mathe matical Expert, the title being changed to Mathematical Adviser in 1913.
His first considerable scientific work in India was in connexion with atmospheric refraction and the heights of mountains. The height of a mountain may be said, obviously enough, to be the distance between its top and its bottom. The top is visible, and there the only difficulty is that its apparent elevation above the horizon is burdened with refraction. The bottom on the other hand, if defined as the geoid or sea-level equipotential surface beneath it, needs to be located. His Professional Paper 14 (1913) explains the long-known fact that refraction is minimum a little after mid day, and forms the basis of practical tables, afterwards included in his Auxiliary Tables Part III ( 1922) , which cannot yet be bettered. Determining the form of the geoid under Himalayan peaks presented practical difficulties in 1910, and still does, but he put in hand observations between Dehra Dun and the adjacent hill of Mussourie (7000 ft), which reconcile the discrepancy between the values of their height difference as given by spirit levelling and by vertical angles.
His next considerable work was his Professional Paper 16, 'The earth's axes and triangulation ' (1918) . This dealt, firstly, with the problem of changing the results of triangulation computations from one reference spheroid to another without recomputing in full, and secondly, with the probable errors of triangulation systems before and after adjustment. For the second problem the paper gives simple approximate rules, which have not yet been materially improved on, and made progress towards the rigorous solution which, in modern language, requires the inversion of the matrix of the normal equa tions. This work was interrupted by the Great War, and he never took it up again. It was no doubt apparent to him that the method was impracticable with the computing machines of the time. The paper concluded with a list of the 450 values of the deviation of the vertical (plumb-line deflexion) then known in India, both in terms of the official Everest's spheroid and of Helmert's spheroid (6378200, 1/298 '3) in terms of which their physical significance is more clearly evident. It can hardly have been more than chance, but Helmert's figures are extraordinarily close to the 6378160, 1 /298 • 25 which are now most favoured.
In 1916-1917 he again took the field to observe the angles of the M adura secondary series in South India, using a portable 65-ft observing tower and 100-ft masts which he had designed and made in the Dehra Dun workshops. His last paper (1967) reminds modern surveyors of what could be done with primitive materials 50 years ago. T hat he should have been employed on observing secondary triangulation in 1916-1917 is a nice example of the late Government of India's imperturbability in times of crisis.
In September 1917 de Graff-Hunter joined the army in Mesopotamia as a captain in the Survey Service. There he was mostly employed on rapid triangulation in the Kirkuk area and in Kurdistan. Later, in May 1919, he and his surveyors were involved in Shaikh M ahm ud's uprising at Sulaimani, but eventually all escaped with their records intact.
After his return to India in July 1919 his main interest for some time was the determination of the form of the geoid from observations of the deviation of the vertical, and in 1922 he compiled the first chart of the geoid in India, which was exhibited at the British Empire Exhibition at Wembley. Research into such matters as refraction and the adjustment of errors is necessarily only a small part of the day's work of any member of an active survey department, and all these years most of his time was taken up with a multitude of routine tasks, of which it is only possible to mention a few which have been of permanent value. Thus, by 1922 he had completely recast all the departmental topographical, mathematical and map-projection tables to form the first three volumes of the new Auxiliary tables of the Survey of , and most of the computing forms, a hundred or more in number, were recast for use with the new tables. A more extensive labour was the prepara tion of Triangulation p a m p h l e t s , each generally covering a degree of lat and one of longitude, giving coordinates, heights and descriptions of the fixed points in the area. By 1925 about 500 of these pamphlets had been published, although most were preliminary editions excluding data held in the topographical Circles. All levelling data had also been published in four-degree Levelling pamphlets.
de Graaff-Hunter was always a practical man with his hands, and he made good use of the modest workshop facilities available at Dehra Dun. He made an attachment to the Kelvin-Roberts tide predicting machine, whereby the times of high and low water could be recorded more accurately on a chronograph than by trying to locate them on the drawn curve. He made up devices, working on the lines of a planimeter, for integrating the horizontal and vertical attractions of contoured hill masses at astronomical or gravity stations. Another device was a set of rods, connected by angle joints of controlled stiffness, which could be built into the form of any particular braced quadrilateral or other simple triangulation figure, whose strength as such could then be measured by the deformation of the model under stress. Another simple, but later very widely used apparatus, was his 'Hunter Short Base', a light and portable 264-ft tape, which could be set up under tension to hang in five catenaries, with intermediate supports.
The observation of longitude was a subject in which de Graaff-Hunter was much interested between the wars. At Dehra Dun he installed first a Riefier clock and later a Shortt clock, and got the old transit instruments fitted with 'impersonal' micrometers. Not satisfied with these, he devised his own 'Shutter' mechanism, in which a small shutter near the focal plane of the eye-piece obscured the path of the transiting star, except for 0-07 second every third second, when the action of the clock flicked it out of the way. The observer then read the position of the star on a scale in the focal plane. The instrument was reversed just before transit and the star again passed over the scale. Since the observer could hardly be prejudiced towards estimating the scale reading of the star at a place which it had never visibly occupied, systematic personal error was definitely limited to 0*035 second, with the hope of its being much less.
In
Britannica, which he did-in 45 000 words. This was too for the editors, and compromise was not found to be possible, so it was published by the Survey as their Departmental Paper 12 (1929) , but in this form it only became available to a small circle of readers.
In 1928 he was appointed Director of the Geodetic Branch of the Survey of India, which since 1924 had been the new designation of the Superinten dent of the old Trigonometrical Survey. As a matter of administrative convenience the Geodetic Branch contained many non-geodetic activitiesthe drawing office for small scale compiled maps, the forest map drawing office, the party carrying out large scale cantonment surveys, a small printing and map reproduction office, and the officers' training school, as well as the computing and tidal party and the geodetic field parties. The post of Director was not necessarily held by an officer who had specialized in geodesy and the Mathematical Adviser was not automatically eligible for it. But of de Graaff-Hunter's eligibility there was no doubt.
In 1932 the financial crisis which troubled most of the world fell heavily upon India and most hardly upon government activities of no immediate financial value, such as geodesy. The Geodetic Branch absorbed the adjacent topographical circle which was located at Mussourie, and lost its geodetic director, on pension at the age of 51, two or three years before the usual age for taking long leave pending retirement at 55. This was a great loss to the Department and to Indian geodesy, and de Graaff-Hunter himself felt it keenly, but the premature retirement of senior officers was the only alter native to the permanent reversion to military duty of younger officers who had longer to serve. On his retirement he was awarded the C.I.E. (1933) .
In England de Graaff-Hunter settled at Mitchell House, Gottenham, Cambs, where he had some facilities for continuing geodetic studies, assisted by a Leverhulme Research Fellowship for two years in [1936] [1937] [1938] . During this period his chief interest was in the problem of determining the form of the geoid from gravity observations. It had long been known that, given the value of gravity all over any external equipotential surface of a massive body, the form of that surface and of all external equipotentials is deter minate. In 1849 Stokes had put the matter into a form suitable for computing, by his well-known integral which enables the separation of the geoid and any arbitrary reference spheroid at any point to be computed from the average value of the gravity anomaly in successive surface rings centred on the point concerned. The theory assumed that, in principle if not in practice, gravity on the selected surface could be expressed as a series of spherical harmonics, and had always been a little open to question since on a nearspheroidal earth most of the observations lie far inside the smallest sphere which can contain them all. De Graaff-Hunter investigated this point in his paper in the Philosophical Transactions of 1935 and disposed of such doubt as existed by a new form of proof.
The practical application of Stokes's integral has had more serious difficulties, namely, that mountains and the like stand up above the equipotential surface near which most gravity observations are necessarily made, and also that gravity can only be observed at a finite number of points some of which may not be at all typical of the areas surrounding them. This was the main interest of his later years, but a satisfactory answer to these difficulties has still to be found. In 1939 de Graaff-Hunter attended the Pan-Pacific Congress in California as a Royal Society delegate, and on the outbreak of war in September he was in Washington for the Triennial Assembly of the International Union of Geodesy and Geophysics. He at once offered to return to the Survey of India, where military officers were likely to be reverted to the army, but in India the war was starting slowly and his offer was not immediately accepted. He stayed in California until April 1940, and then went to the Bahamas where he took up censor work. In February 1941 the Government of India at last accepted his offer to return, and in March he sailed from New York in the S.S.
^amzam for Cape Town, with his wife and eight-year daughter. Unfortunately, on 17 April the was intercepted in the South Atlantic by the German surface ship Tamesis and the passengers were transferred to another ship, the Dresden, and taken to Bordeaux. From there they were transferred to Wesermunde, and he was then separated from his family for two months in Stalag X and then for a year at Stalag V III at Tost bei Gleiwitz in Upper Silesia, while his family were at Liebenau, Wtirttemberg. Then in November 1942, largely it is believed through the efforts of Dr N. E. Norlund of Denmark, who was active in facilitating the exchange of prisoners of war, he was released and sent to Vienna where he joined his family, and whence they moved to Palestine through Greece, Turkey and Syria. Finally in January 1943 they proceeded overland from Jerusalem to Baghdad, and thence by air to India. Things might have ended less happily, but it had not been an easy time for a man of 61, nor for his wife and daughter.
On his return to India he was Assistant Surveyor General (Technical) until December 1943, and then returned to Dehra Dun to preside over the Department's War Research Institute, which carried on routine scientific work, and undertook all related activities required for the prosecution of the war. He remained in Dehra Dun until May 1946, when he returned to Cottenham, moving to Keymer, Sussex, in December 1947. In the years after the war, de Graaff-Hunter returned to the practical difficulties in applying Stokes's integral. Since 1927 it had been clear that one way round the difficulty caused by mountains being external to the geoid was to calculate the effect on g, at every place, of removing these external masses either to infinity, or (better) to prescribed positions inside the geoid. The modified ^-anomalies could then be put into the integral to give the form of a surface, the co-geoid, which would be separated from the geoid by a variable but calculable distance proportional to the changes of potential caused by the hypothetical movements of mass. This procedure is theoretically sound, provided the form and density of the external masses are known (as they are to within, say, 10 per cent). A further advantage is that the point values of the ^-anomalies become fairly representative if the internal locations to which the external masses are transferred are those at which some reasonable theory of isostasy postulates the existence of mass deficien cies to receive them. The computational labour, however, is very great and de Graaff-Hunter was not satisfied with this procedure.
In the Bulletin Geodesique 5 0 and 56 (1958 and 1960) he showed that if the earth's solid surface above sea-level departed from a spheroidal form with slopes of not more than 1 in 100, and if values ofg could be observed upon that surface and used for Stokes's integral, the integral could correctly be used to give anomalies of potential on the surface, which is much the same as giving its form. Instead, therefore, of removing all matter above sea-level to locations below it, he proposed forming his 'Model Earth', by moving the higher masses laterally, mountains into valleys, until the surface slopes were reduced to 1 in 100. As before, the effect of this on g at all gravity stations required to be computed, and also the (small) effect on the potential at all points where the potential anomaly was to be computed. He favoured this system, since the smaller mass transfers required less accurate knowledge of the external densities, and also because, given a chart showing the average height of the area within every one-degree or equivalent square (itself a useful undertaking), the computations are relatively light. Other solutions of the difficulty have been proposed, but none has yet been widely accepted as the most convenient. Those, for instance, who value knowledge of an isostatic anomaly on its own account, continue to advocate the use of an isostatic co-geoid. Almost his last paper (1966) , distributed after his death, summarized the advantages to be derived from his 'Model Earth'.
As far back as in 1922 de Graaff-Hunter was an Indian delegate at the Rome assembly of the I.U.G.G., and he was also able to attend the assem blies in 1933, 1936, and 1939 In 1950 he was invited to act as visiting lecturer at Witwatersrand University, and he visited and lectured at Cape Town and Durban. Around 1953 he was also for some time, while resident in England, a consultant geodesist to the University of Columbus, Ohio.
In 1962 the de Graaff-Hunters left England to settle at Mosman near Sydney, in Australia, joining their married daughter there. The climate suited him and he never regretted the move. His friends were sorry to lose him and he was no doubt sorry to lose close touch with the I.A.G., but at the age of 81 he was well entitled to some leisure. In 1957, Swimming was a pleasure which lasted all his life to within a couple of months of his death. He was even prepared to try surfing at the age of 83. He had learnt to ski during a visit to Switzerland when he was 56. He took little interest in ball games or organized sport, apart from rowing in his youth, but he was always hard and fit in any climate, and seldom or never off duty, at least until he was 70. He was a keen carpenter, expert at doing things about the house and garden. He enjoyed the company of his fellow men, and had little of the demeanour of the conventional serious student.
He was first married in 1908 to Ruby Julia Strachey, but the marriage was not happy and ended in the early 1920s. He was married again on 20 April 1929 at Dehra Dun to Gwendoline, daughter of Colonel G. H. Davis, who has since been with him on all his travels, including so many of the assemblies of the I.A.G. They have one daughter Susan Jane (M.B., B.Chir.), born on 25 April 1933, and three grand-daughters.
Those who learnt their profession from de Graaff-Hunter at Dehra Dun, and later, owe him more gratitude than it is possible to acknowledge.
Details of his family and early life have been supplied by Mrs G. de GraaffHunter, and of his early service in India by Professor Kenneth Mason. Mr J. E. Jackson has verified his Cambridge record from the University Reporter.
The list of publications which follows is not complete. It is thought to include everything of real consequence, but intentionally or otherwise it omits a certain number of routine departmental reports, reviews, corre spondence and reports of lectures.
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